Abstract-Finding basic laws that govern human crowd behavior is a subject that deserves to study. Crowd behavior is a natural instinct for human, which directly impacts how we form opinions and make decisions. Moreover, it is common that people change their behavior in a group. In pervasive computing research, substantial work has been directed towards discovering human movement patterns based on wireless networks. This research has, however, mainly been focused on movements of individuals. Mobile phones offer on-body tracking and they are already deployed on a large scale, allowing the characterization of user behavior through the information related to individual movements. In this paper, we observe and analyze the impact of friendship and location attributes on crowd behavior, using location-based wireless mobility information. These preliminary studies will be a good cornerstone for a crowd behavior prediction.
I. Introduction
With the increasing size and frequency of mass events, the study of crowd dynamics has become an important research area [1] . However, even successful modeling approaches such as those inspired by Newtonian force models are still not fully consistent with empirical observations and are sometimes difficult to use for crowd prediction. With the prevalence of smart devices, on-body sensing, computing and communication have become widespread. These developments have made it possible to obtain real-time and comprehensive empirical data required for crowd behavior analysis. These options open up new pathways in Computational Social Science [2] , where the vast amount of information obtained from wireless mobile devices can lead to new perspectives for the analysis of crowd behavior and social dynamics.
In this paper, we first focus on investigating how friendship attribute influence crowd behavior. In order to measure this influence, we use the friendship degree of each user and probability distributions of different degrees. Then we investigate the impact of location attribute on crowd behavior.
Although the study of this paper is a preliminary work, it is helpful to develop a prediction model for crowd behavior based on wireless information related to individuals.
II. Impact of Attributes on Crowd Behavior
The dataset which is used to investigate the impact, consists of check-in data from mobile devices and the friendships between mobile users. There are 772, 966 distinct places, 4, 491, 143 check-in records, 58, 228 nodes (users) and 214, 078 friend edges inside the dataset which is collected from April 2008 to October 2010.
A. Impact of Friendship on Crowd Behavior
In this section, we analyze the impact of social relationship (friendship) on the complex dynamics of crowd behavior. First, we analyze the friendship of a group of people. Fig. 1 shows the friendship degree of each user and the probability distributions of different degrees (based on the data of January and February, 2010). We can find that friendship almost exists between all observed users. It means that friendship is an important influencing factor for human behavior analysis. It is worth noting that a Poisson distribution is met for the friendship degree probability distribution of all observed users. Moreover, from Fig. 1(b) , friendship degree is less than 10 for almost 90% users. This implies that the crowd behavior is unsupervised, and the leader of a crowd cannot be found.
Second, since several crowds exist in the observed group of people, a deep analysis is necessary to expose how these crowds are built. Fig. 2 shows the friendship-degree distributions for the 5 clusters of January, 2010 data. For some crowds, the friendship show the typically observed scale-free power-law like distributions, e.g., crowds 0, 1, 2, and 3, and the friendship degree is not directly related to the size of the crowd, e.g., in Fig. 3 , the crowd 3 (blue) is larger than the crowd 2 (green), but in Fig. 2 , the friendship degree of crowd 2 (see Fig. 4(a) ) is larger than that of crowd 3 (see Fig. 4(b) ). 
B. Impact of Location on Crowd Behavior
With the increasing ubiquity of location sensing included in mobile devices, we realize the arising opportunities for human crowd analysis through mobile wireless information from the real world context. Thereby, the spatial locations of individuals become a kind of important and available information for extending the analysis and modeling human crowd behavior to the physical world. Most prediction models of crowd events use some kind of location information. In [3] , Calabrese et al. believe that the attendees of crowd events are related to areas: "Sport events such as baseball games attract about double the number of people which normally live in the Fenway Park area. Moreover, those events seem to be predominantly attended by people living in the surrounding of the baseball stadium, as well as the south Boston area". From our investigation, we can find the impact of location on crowd behavior of human. Fig. 5 shows users' location ids distribution (location id describes the distance between a user and its cluster center). Analyzing Fig. 5 , we can see that users are obviously clustered, and two approximate diagonal lines divide the UserLocation Space (see Fig. 5(a) ) and Check-in time-Location Space (see Fig. 5(b) ), respectively. This effect arises at least two observations: (i) there are more users and check-in times near the center of clusters (the density of nodes is higher for smaller location id, in both figures); (ii) the range of activity for any user is limited, and check-in time is also confined to a region. Thus, we can assert that human crowd behavior is centralized, and "hot spot" is existent. We use this character of crowd behavior to do centralized population monitoring or urban public facilities deployment. Figure 6 shows users' location distribution for each crowd. We can find that the distance between users is different (users distribution is uneven) in each crowd. For instance, in cluster 3, there are two small subclusters. We believe that the smallworld phenomenon exists in the crowd behavior of humans.
